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DNAse-­‐chip	
  Method	
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  Wolfsberg,	
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  Collins,	
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  2006	
  



DNAse	
  Sites	
  RelaPve	
  to	
  Genes	
  



DNAse	
  HS	
  Sites	
  and	
  Gene	
  Expression	
  

  DNAse	
  HS	
  sites	
  near	
  
transcripPon	
  start	
  sites	
  
are	
  associated	
  with	
  
acPvely	
  transcribed	
  
genes.	
  





Q	
  =	
  -­‐10	
  log10	
  p	
  



SAM	
  Format	
  

A	
  general,	
  standard	
  format	
  for	
  
represenPng	
  alignments	
  of	
  

sequences	
  to	
  reference	
  sequences	
  



Genomic	
  Sequencing	
  

TargePng	
  the	
  Exome	
  



  Long	
  oligos	
  synthesized	
  on	
  
arrays	
  (DNA)	
  

  RNA	
  baits	
  synthesized	
  
from	
  DNA	
  oligo	
  template	
  

  RNA	
  baits	
  hybridized	
  to	
  
DNA	
  sequencing	
  library	
  

  Targets	
  captured	
  using	
  
beads	
  and	
  bioPn-­‐labeled	
  
baits	
  

  RNA	
  bait	
  degraded,	
  
leaving	
  sequencing	
  library	
  
enriched	
  for	
  target	
  regions	
  



Data	
  Flow	
  

  FASTQ	
  files	
  generated	
  by	
  Illumina	
  GAIIx	
  pipeline	
  
  Aligned	
  to	
  reference	
  genome	
  (hg18,	
  excluding	
  
_random,	
  unmapped,	
  and	
  hap)	
  using	
  Novoalign	
  

-  SAM/BAM	
  used	
  extensively	
  

  Follow	
  Broad	
  InsPtute	
  GATK	
  pipeline	
  for	
  exome	
  
capture	
  

  Use	
  picard	
  java	
  library	
  for	
  quality	
  assessment	
  
  Processed	
  BAM	
  files	
  available	
  via	
  local	
  hap	
  for	
  
browsing	
  



Data	
  Pipeline....	
  

  Samtools	
  import	
  
  Samtools	
  sort	
  

  Picard	
  MarkDuplicates	
  

  GATK	
  Indel	
  Realignment	
  

  GATK	
  Quality	
  RecalibraPon	
  

  Picard	
  QC	
  metrics	
  



Realignment	
  around	
  Indels	
  

  The	
  problem	
  
-  Aligners	
  align	
  each	
  read	
  independently	
  
-  PotenPally	
  leads	
  to	
  increased	
  error	
  rates	
  around	
  

indels	
  

  A	
  potenPal	
  soluPon	
  
-  Locally	
  realign	
  reads	
  in	
  regions	
  that	
  might	
  

harbor	
  an	
  indel	
  
-  Goal	
  is	
  to	
  align	
  reads	
  overlying	
  indels	
  more	
  

accurately,	
  reducing	
  errors	
  in	
  each	
  read	
  and,	
  in	
  
turn,	
  reducing	
  SNV	
  call	
  error	
  rates	
  



Quality Recalibration 

  Since most SNV callers will rely on quality scores to 
estimate error probabilities, having the best possible 
estimates for error rates is important 

  Reported error rates from the Illumina sequencer 
generally reflect technical parameters of the base call 
process, but not other systematic biases 

  Quality recalibration can include covariates to 
account for systematic biases 

-  Cycle count, dinucleotide context, original quality, 
and sample/library variables 









Variant	
  Calling	
  and	
  EvaluaPon	
  



ChIP-­‐Seq	
  



Barski	
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  Zhao	
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  Genomic	
  locaPon	
  analysis	
  by	
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  2009	
  



RNA-­‐Seq	
  









Data	
  IntegraPon	
  	
  
and	
  InterpretaPon	
  



Public	
  Data	
  

  1000	
  Genomes,	
  HapMap,	
  Encyclopedia	
  of	
  
DNA	
  Elements	
  (ENCODE),	
  The	
  Cancer	
  Genome	
  
Atlas	
  (TCGA)	
  

  NCBI	
  Gene	
  Expression	
  Omnibus	
  (GEO)	
  

  Sequence	
  Read	
  Archive	
  (SRA)	
  

  Hundreds	
  of	
  datasets	
  not	
  submiaed	
  publicly	
  
or	
  housed	
  only	
  in	
  proprietary	
  databases	
  



The	
  Cancer	
  Genome	
  Atlas	
  Research	
  Network	
  Nature	
  000,	
  1-­‐8	
  (2008)	
  doi:10.1038/nature07385	
  

Frequent	
  genePc	
  alteraPons	
  in	
  three	
  criPcal	
  signalling	
  pathways.	
  



Data	
  Deluge	
  

  Lots	
  of	
  data,	
  liale	
  informaPon	
  
  Data	
  integraPon	
  is	
  an	
  enormous	
  challenge	
  
that	
  cannot	
  be	
  easily	
  generalized	
  

  Study	
  design	
  and	
  hypothesis-­‐driven	
  research	
  
sPll	
  has	
  a	
  place	
  in	
  a	
  post-­‐genomic	
  world	
  

  FuncPonal	
  validaPon	
  of	
  genomic	
  data	
  is	
  non-­‐
trivial	
  and	
  remains	
  low-­‐throughput,	
  generally	
  

  Data	
  must	
  be	
  correlated	
  with	
  exisPng	
  
biological	
  knowledge!	
  



Reproducible	
  Research	
  

  In	
  an	
  era	
  of	
  biologic	
  discovery	
  driven	
  by	
  large	
  
datasets	
  and	
  computaPonal	
  analyses:	
  
  Tracking	
  research	
  is	
  problemaPc	
  with	
  different	
  
versions	
  of	
  databases,	
  data	
  updates,	
  sokware	
  
updates,	
  etc.	
  

  Describing	
  methods	
  succinctly	
  but	
  fully	
  may	
  best	
  be	
  
done	
  in	
  computer	
  code	
  and	
  not	
  manuscript	
  text	
  

  Making	
  data	
  available	
  for	
  validaPon	
  may	
  be	
  
problemaPc	
  due	
  to	
  size	
  and	
  legal/ethical	
  constraints	
  

  What	
  consPtutes	
  the	
  “raw	
  data”?	
  





The	
  Last	
  Mile	
  



Tutorial Location:!

http://watson.nci.nih.gov/~sdavis/!

qsub –I –l nodes=1:o2200!
echo $SHELL!
# IF NOT bash, type:!
bash!
source /data/ngs/bashrc!

#Mounting helixdrive!
#Windows:!
\\helixdrive.nih.gov\ngs!

#Mac Finder  Connect to server!
smb://helixdrive.nih.gov/ngs!


